class rather than the pale class,. Because of the very sharp expression of

variegation among the Spm carrying kernels and also because of the faint

5718 _
plgment produced in its absence, this/state of a has been useful in a
1
number of studies of the Spm svstem,
. . m-1
Subsequent tests conducted with plants having state 5718 aq and

Spm have indicsted thsat the appearance of kmenels having the Al phenotvpe

in its progeny is rare, The number with this phenotype derived from tests

of plant 60L46B-l. entered in tuble 15, is unusually high. In this-eeses,
4o
1&6 same collection of pollen was used te—makebedis-tlc self-pollination and

@N the test cross entered in this table, 1t is suspectcd that the tassel of

mutant A
this plant ¥#dm which pollen was collected had a small/sector ) and

Comud W0 Ry aweaud ik

that the pollen graing mmzmxrimg derived From anthers in this sectozﬂwere
waaved iy Sy

resronsible for the appearance of the e lusi ladese number of ke nels

exhibiting the Aq phenotvpe,

kernels mRexived:
A number of plants were grown from/®he e:srs produced by crosses

conducted with ~lant 5720, With rare exceptions, the sta’e of alm-l

in
Zthis lant mxrrie® and in its progeny gives rise in plant and kernel to

mutant areas that exhibit only low levels of pigment intensity. As mutation
inducting events may occur very early in development of o&fier rvlant tksseEs

<0 .
0»64\ sporogenous cells,x® XX

e tophrbio s & number of
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carry m-1
gametes are formed by plants having this state that hxxm a rmutant of al

Therefore, many kernels appear on test cross ears thet expross this.
3 o i i)

One grade of pigment intensity is expressed in e~rh but the range of this

( oo - -)

among the mutant carrying kernels is from very faint to medifm 4 rk,
N

m-1

When a plant having this state 5720 of aq

and also Spm 1s ucfed as a
pollen parent in the cross to plants homozygous for aqs only one of the

three chrovosomes 3 in the endosperms of kornels on the rasulting ear carries

X M- R . - ‘s 1o . .
this aq 1. Among the variegated class of kernels with this constitution,

mutant arers apnear, Each expresses one particular graé@ of pigment

intensity within it, wWhen, however, the reciprocal cross is made, arong

. - ot e

the variegated kernels on the resulting ear, mutant aress Bey appear within

. A A
Yo
warelr therc are smaller areas exhibiting deeper shades of vigment intensity,

AL i <ty S0 w taroutd

s s m-1 . . .
This is expected thone kcvmels)na%e:%h&ﬂ:&LQAL-ef aq 1 in two of its
A

£
v o
three chrorosomes 3 &ﬁdjmutatlon-lnducvng events macur to each indevendently
do Woull Cweniae To Vo WP g ok adad iyt ous :

of ome—another, Types of kornels aprearing one ears produced £rom cro:zcel
A

of seme-plants that were alm-l (state 5720)/&1 to plants homozwgous for ay

are given in table 16, In this table it will be s:en that the number of

6 [

A b\.
uniformly pigment d loo nels 1Q high as weddas the number of coldrless

QM*OUQC o mufou{.z Pt Grrrout-sef %&w’\ Botunsno, wok our box Wby ofouy mm{&wwm,\

kernels, It was subsequently learned that with state 5720, no anthocwanw
. A -

bt 1 wee Wypicuked | ondh Jomond adounty ae o) g ot T,
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£

pigment is produced in either plant or kernel when Spm is absent, Zhere RN

The high rate of germinal mutation produced by this 5720 state of ég
vl peswe 2 Spn el

v from which it was §

reseribled that produced by the original state of aq

Howev.r, with this original state, the majority of germinal

nkauXn ek “VW .@uc,la iuullwa P gaw)‘vmauﬂ'q ﬂmmb&zujw- N

mutations give rise to

quug eE—germlnsl muksebsions blu’
il ntensity corpidorably
A

proparticafthet express leweme levels of pigment i

lemsy, kaﬁMMLuA. Qﬂhﬂﬂwiﬁth\Mdﬂhﬁufwﬂ

{— Because of the very high rate of gemninal mutation given by the original

D 00

m-1 . : - . ;
s ¥t wos not considered te -e a useful one for analysis of the

derived,

state of a
1

mode of opocration of the Spm svstem and tests of it wers not continued
/Q‘

Dok o ouuiles To
beyond the 1981 scason QV\ WWL akely 5710, 9 %

3 . ik }M‘\*me\u\,
Cﬂig}uu@ &}ﬂlﬁéich7“ﬂ ‘ﬁA t&bﬁ 3% ULu%UJUAP‘Q

foo bz Qi wsafod
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Se Individuality of expression of each state of alm’l when

two different ones are gggﬁﬁﬁsd in a plant or kernel,

During the summer of 1951, crosses werec made betieen plants

_ el o Qkuly
carrying different states of aq and the type of expression ef£ each

Covms yyoug- UL 0

ARG~
stabte In the keirnels on the resulting ear was exanined. Pre Lombinatiews

d}wrumwd Wtom&um a gl hout Yy fotlsuwey ok 8l o4 g "

state 5719A-1 with state 572C and with the

original state, state 5718 with the original state, state 5720 with . the

original state, and state 5719A-2 with state 57004, not prev1ou°1* discussed,

n Ualin ypony, Y Covbmalio /) Stalls wone m adt, Noukon Vo Qe 4ilfeup By,

The most 1nstruct1ve cross ®R tn&% illustrated the i dividuality of 49

ﬁ@dh _ Mﬁmﬂ uhubuuﬁyuo-mﬂMupﬁtﬁhwx

stateg of alm 4'wa5'ﬂu%2tmtween plant? carrving state 5719A-1 ﬁ%”p+aﬁ%e
Wﬂd—()

G
carrying state 5720‘anéfﬁhe tvpes of kernels arnpearing on e ear produced

by one such cross will be givén. Pollen from »lant BOW2-9, thet carried

state 5720, was ~laced on the silks of a tiller ear of »nlant 60 6C~1
O 8o b U s il oY it (o Uigy U0, o 1 wsorpan T G s ik esot
which maxxrigdxkakexE¥IQ%ksxkgx was hOﬂovvgous for state 5719A 1.7 The

"4

of the main stalk of plant 60l 6C~1 was self-pollinated and on th

2o

resulting ear there were u uniformly pigmented kernels exhibiting thmsx AI

oo™ ovcailen | meduWJUMTﬁKT&u;uyamzﬂauudwuufmuouuénaawi el
type vpigment, 31 that were unlfmrmly ’ aqg.377ﬁﬁha% had small

A W odertiog Wore Wi
spots of the A, type pigment in a colorless background,-- the typical

oud \ o dhal appoasd Tobe wwfz efosun,

pattern produced by state 5710A-1, Pollen of this plant was ak=m placed

S ok 6o 68 - won prlrwn W Yubu, Yy thasusealiov nR LT W Kiadaty 0 oom ({1 of

on the silks of a mlﬂnt horiozygous for aj and on the resulting

first ear

wngiﬁhnmgqﬂnqda%%m;ﬁ?”ﬂWWWn%y

ear there

fvr ¥ B
was 1 kxrmmkx “m té? '_
A

‘ f—the—h——tvroe
KX XExX ol T C e,
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212 kernels thst were uniformly pale cclored, and 65 that expressed the

variegation pattern typically produced by state 5719A-1.(&xPlant 60l 2-9

variegated
had been derived from a/kernel on the self-pollinated ear of plant 5720,

Pollen from a plant homozygous for a, had been placed on the si 1ks of Iﬂﬁ

1
onBun -

. g .
{1q.tlllerear of this nlant, The kecrnel tines that ﬁnpa'“ ¢ cn the-resuliing

ear were as follows: 32 uniformly pigmented kernels, each ﬁ%ﬁgﬁz @U%LIticular
O N W but in
level of intensity o£—psgmaggg;inn/all of wheémh{his level was low, 102

variegated kernels with bedsk la~ 88, and small areacs exhibiting low levels of

v thseu '§&egg n&ppﬁdaid

and_
pigmenteinten31tv/1n a colorless background, andQn addition, 239 ke nels

uue in which no pigment was observed, When vollen of plant 6042-9, with

020 of o Tublir
state 5720, was nlaced on silks of4a—%i%iev~ear of plant 6OM6C-1 it wa%ﬁhu

0n well W pareaeuX 2lirdly
learned that the rollen parent was homoczygous for state 5720’ Thus, the
cppss was made between a plant homozvgous for state 5719A-1 and one
homozygous for state 5720, There were 216 kernels on the ear this cross
produced, Four of them were uniforly pale colored, In 18 others, spots
Bwing Ay- type pigment were present in a wmtfowmix lightly pigmented backﬁroug
N ok

oM\ The pattern of the A9 spots was that characteristically produced by stote

5719A-1. The intensity of the background pigment was uniform over the
WA

aleurone layer Zeow each kernel but the level of this differed among thee

WP owmge Sy
kernels. And, these levels w@® the same as BEETY that sa== prxixzzdx

A



81

apperring among the ﬁniformly nigmented kernels on ears produced by the

cross of
plants having state 5720 to plants homozygous for aye In addition,

N auodsn

there were 19l variegated kernelsA These kernels had the pattern of Ay

spots produced by state 5719A-1 and also the pattern of lightly pigmented
Qﬂx*dlﬁ(muﬁwxuﬂieL.MU@F=0debM>, 2
areas characteristically produced by state 5720
% varmpatin 24 lnbobad oo Sutmuso -
pattern was that which ceutd-besxpeeted from superposition of the

(see photos), The over-all

A Woel QUuLae
patbtern produced by one state oggr that produced by the other, Rach
woh tgﬂ(
state express its own tyre of response to the presence of Spm,
Val

It was assumed that in the 18 kernels scowing the variegation pottern

AN Lol ~}om Cotedead 090, fgp) beow
produced by state 5719A-1 dn a uniformly pigmente%background1 &ﬁxmﬂmz&d
pordal e kot of 6 malt Jauile ot & ppahand it s <1297 20, “via ek

muabendy  stable in the presence of Spm, bhad—peen-contributed-by-the-parend
ol 0 Upo-

carrying-state 5420, The correctness of this interpretati n was made

evident in tests of the plants derived from kernels of this t:pe that were

3 . .

conducted in e~ subsenuent year, The plant derived from each carried a
m-\ ) ‘

of a in one carcmosome 3, 4y

mutaﬁt/whose expression was stable either in the presence or the absence of

m-. .
Sp?Jand the state 5719A-1 of aq 1 in the homologue)which ¢ ntinued to
Fan]
express 1ts individual variegati n pattern in subsequent generations,
- - .’\ }
did Cueangry

A descripiion of the tyres of test that established this will be postroned

o iy by -

untll a description may be given of the means by which such tests a‘e M

. m um,wu-| Yoo p@wu O/u/auug W Hu unl tlaine! /Z/&u‘fa@ |

3

, ¢,
fumudn 5 o Qoogun s ol akely 51GH W{te\@
e o g ot Herog e HH s tun g, 1

Yo, .
e,
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As described earlicr (page. ), plant 5700A was derived from a
very pale colored kornel on an ear produced by cross of the original alm-l

carrying plant to one that was homozvgous for a Pollen of »lant 5700A

1‘

was placed on silks of an ear of a nland homozygous for aq. Two tv es of

kernels appeared on this ear, those that were very pale in color and

those thot were colorless, An accurate classification of the two types

was not attempted as the intensity of pigment in the pale class was so
belonging (tuftobe a2iodad g wwﬁ&

low that it was Peared that some/in the class wou]d be placed with"the

colorless class, Some kernels that certainly had pigment in thém were

selected from this oarjand the vlants gpown from them in the sirmmer of 1951

wore given culture number 6078, At least one err of each nlant in this

culture received nollen from a ~lant homczygeus for ay and sh2. On all

very
ears so produced, there w're only the two classes of kernels)/pale colored

o ron iR AT be (o ath fitrulo
and colorless, pccurate cL&ee&@&ee%&enﬁ wapge also difficult to

2

) . silks of Wg
make Bh some of these ears. As an examsle,/the first ear on the main IkaS
< ’:‘
stalk of nlant 6078-5 received pollen from a plant homozygous for a1 and,§ ;
¥
AT § ;”“'
sh2. On the resulting ear, 256 kernels certainly had pigment 1n them , -
. , ’ \J,
W vewetds - pvauea bptetl Aot e Olptedf 2ol L‘swwhé’mm&d. 3 :3

b&gwthe remaining 31l apncered to be-cetertess, A tiller ear of t »is
N

plent was self-pollinated and similar difficulties werc encountered in making

ok oppeath ow of

accurate classifications of thegtyp classes of kernels. Among the L2 %yu&¢
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this ear produced, 25l had faint pigment in them but the remai ing 170

appeared to be colorless. The silks of an ear on another tiller of tite

b01%-> whose constitution wes, -
plant recelved pollen from nlant 6080C-7 mhkmk was aq

A 4 . . . »
wr cowitvtuliow . Tl Al By s Obpearsng om Tews epn WAL B2 G, Rafue dOubery
(Bdn dgcripticn of—thris—stabo;—s66-—pages—) , The first ear on the

Tiewr | o weth ug maeas o o G to ematuliou 2 Lot 608 0C-7. g
main stalk of vnlant 6080C-7 haégggen self-pollinated and among the 23l

O’V\T}UJJ Lo
kernels Ifrprodaced, one was fully Ay in vhenotine, none were pale, 172

were varicgated for dots of Al in a colorless background, and 61 were
colorless, The second ear on the main stalk received pollen from a plant

honmczygous for 87 On the ear this cross produced there were 11 pale

Cdﬂ! ST R-+ mern i ol pat?ﬂul)
colored kernels, 97 showing dots of Al in a colorless background, and 127

1
that were colorless.ciYPollen collect d from a tiller of this.plant¢;0?06‘7

dil o_
was placed on the silks of an ear preduweed-bi—e seccrdt tiller of plant
_-3%‘7%‘”@4 WA \DOMY 075 -5 Wrtre s tensad abgee, (U moicloound Uiow

6078-5, %¥he types of kernels appearing on thi@ ear were surprising.
A Y rodind \« U ealty e

There were 2 kernels exhibiting ke full A1~ty*e pigmentation, 75 kernels
that were uniformly vnale colored, and 132 that an-eared to be colorless,

In pddition, thers were 259 variegated kernels, mighty-three of them had
- byl
$R . dots of A7 in a colorless background-~the pattern of variegation associated
A 1 :
R wewy, downe patlina A S dflD gn WL 4 Gowse LB,
with state 5719A-2, The remaining 176 variegated kornels e”hibitqu -

\U.AI“ wmﬂ-‘\~
few—derse arecas ef full Aj-type pigment amd—sdse—venymany. swmall spobe
A

R _Lhdis—-Shal were situatdd quite close Lo-one—ewerttroy, In somne of these
ok Y . Y




. V*”JJJLM -bd%mﬂiikuouhﬂagung wers phesu¥
kernels there were a few pade areas and in otier a few areas that appeared
» un’ﬁﬁamud@uganﬂbpm&uﬂwm yuu%OﬂWPWPgn
~to be colorless., Lt wag suspécted immediately that the plants in culture
v o bawee ~ pes, Wn aten] oMk %0ty {uax euitiby Om o ey ey gt

6078 had a modiried state of a but no Spm.’« Introdvuction of Spm

1

through a male gamete of plant 6080C-7 revealed the pattern of variegation

this state would produce in its presence, C%%/Subsequent tests substantiated

Acddhuw dresow regandung Baatalp A 4w fout wodonl 780l 6275, nuet v i poud, B700)),

this, They commenced with plants derived from the pale class of kernels

A

the
on ears of ®kesplants in culture 6078 that were produced by/cross JldNMNv
with »lanfts homozvgous for a; and shp. The tyvues of test condueted with

these plants will be discussed later.

S T m-%)'llllllll'
carrying this 57004 statae of a fyproved to be useful in meXmxakx §§

: R st sl h

exarining some aspectes of the Spm svstem of opea tion, Plants derived
A

A
from the newly apnearing variegated class off kernels on the ear produced

The it ot wliom 99
by the cross of 6078~5 by 6080C-7 were also examined., #Mome of them WEES
A
T A

m 1(stqte 57OOA)/ aq and others waes a m'l(SGQOG 5700A) /a m-1 (state
4

!

@.Uuﬂ

Codh
5719A-2), Besa state# amﬂe"“ed Un the progeny of phemés having this

4 fm\lﬂ-@% dujuxgw F’)’u.uﬂl tw‘(,&‘h

Wo.d
latter constltutlon\&éach hesdmey retained its own properties wisde together
/\

S N
in the nuclel of ome plant, ¥rrghex Biscussion of the manner in which

oho
these tests wer#made wil%'be vostponed until the methods adopted for them

may be considered, AN
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Besides the intercrosses of »lants carr ing the distinctive cstates of

av

6]
y

m- e ; .
all 1, described above, crosses were mode beltweer plant

ing the
- L4 S D Fal m"'l L - . am > 4. T . R R
original stote ol aq in one chrciosome B and a, in the uomologue/w¢uh

.

plents having one of the following derived states: state 5718, state ST719A-1,

and state 5720, Too—tmrop—of—kernels anearing-en—three—rs Hl-e-ge—a2ease S
wahid s b
produced will-wet—bervonsitered Nore in—detail, As skeved earli the
A

0 0umeles Lo @m&uuzé o w6 O WY
original stote of a m=1 gived rise to ‘anv ge%m&na&—ma%&%&eas Ih
gy Weun o !CWT»OW/QMQ&& Gre Fy o [t Mwﬁmn{‘} (- tuzl

majority ofikernels qnd nlants Etho ‘hnv ere--gueh—germinal mus ation in—bhem

vOM Mﬁw«u (wwwu, L pgeo Mol Lpeply

e L = . ilew e 4 at&eas oive

MM%M O»ddbd’ L \U‘M Wé‘rp UA ‘fl{’di/(ugx (duo

Exxkkkk lesser grades OL plgment intensity boH in kernel and plant Many

00 ation 903 tiak offied Uitsl G&M%’”WQJW WA W bt zvmdﬂuuf
O*NLha%eAare sttble in the presence of Spn, his onﬂ%d—hﬂ ﬁ%:Zm“e&~é¢;§;§iﬁ

6’6L0\;ﬂn some kornels

w9
on ears produced b&&%ﬁ% cross’ cenducltedwith nlants carrying state 5718 or

state 5719A-1 to plants carrving the original st te of ag _l. Before

e plhouypa 0o %W,W thok o fCar on 2o [oduid Ly i ¢, " bauty
ocensidering—this

' A o ’ s 'erwo£ “fne—exniacingl
WSW O?W 1 ﬁ‘q, ety )&UW auo oL, UNJJ‘ ho 000 iyl
state of aq dﬂln,p]ants that CPTrm1hh1q St to-in-ene-ehrencsore 3 and A
lan.the-hemotoguey

In the sum.r of 1951, U8 plants were grown from variegated kernels
apvrearing on ears produced by cross of the original alm-l carrying wlant
. B N = 1)
to plants thit were homczygous for aq.e *hece kernels exhiblted a pattern

of variegaticn that wis cormon to most of +he variegated kernoels produced by



86

. . . i .
test crosses conducted with the orignal 2, 1 carrving plant (phots )e
* . ) . . A . - < .
The plants derived from these kernels likewise exhibited the same bizarrc

types of variegation pattern that charact rized the appearance of the
| ,
kernels, ¥t was obvious that chang%\gi al‘ /\w&s occurrsag in a number

pthoreeX T

O
ofaoells of thke plant and many of theﬁgbccn::sd early in »dent development,

A

[l .
The plants were conposites of distinet sectors in easch of phiéch a particular
phenotype was expressed, Many of them exhibited the A1 phenot: - ne, In
others, the pigment was uniformly distributed withi the secotr but the Uy

inteusity ef£=%t was low, Still othsr sectors were distingiisned by dﬂ
ed -
distinctive tyoep of varlegatlon.pattorn%«w1th1n then, Xmmexkxdx
Sowedy 9
,\These Weme—eFmrrsssd-as Strei ks of the Al type pigment in a non-pligmented

cU{QMLunl aﬂﬁaugk.wbm &Qaidtblge&ﬂ @é&%aiii
211

background, a&éwlhe number and size of these streaks was—snob-the same 3

W own pah ud g, B M oroa 3

sectors—exhibiting giskinmzkixe wariscgatddas pettorns, In a few plants,
sty
the tipe of pattern of vaziegationf~exhibited by one tiller diffe:red
oabululin by 1

greatly from that40§ the main stalk and e other tillers offi thds sane
4

&?

plant,

o

ANV

Some of the varlegated plants that were alm'}/al in constitution were
. .
used as female parents in crossses with plants homozygous for aq and sho,
The tves of kevnels appearing on the resulting ears are given in A of

table 17, Pollen of two vlants were used on silks of »lants carrring
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Tl
a modified state of al 1 (state 5718 or 571%A-1), To serve as a conirol
to—suveh—eresses, part of the pollen collected from each plant was ~laced on

silks of ears of plants that were homozrgous for aqe The k +nel tyres on

ot U @b 4 Two Wonl wath pheenly juy

Hieso ears a>e shown in B of table 17, In tris uaole, the kernels thebt

[ JJ\W'\MRM C&Ueﬁ Q wey Y Wy "

13 A Iﬁ:phtﬂﬁﬁi%% are rlaced under the hcading"Al”.

Under the heading of "pale" are placed those k »nels th.t were uniformly

p;%-g-ﬁeat v ehipptee Oy, b
plgmented but in which the intensity of Zhkx-wes \lower then—that—produced

ﬁman’ﬂuﬁwMu .&w wu@M
hg:dgl. Within this class, thebe w-s o range in 1nten51t¥4from very faintis

WA
pigmented I'n  some ke=peds to me#dium dark fes others, All kernels

exnibiting variegotion for anthocvanin plgmentation are anflered under the

had both
heading "variegated"s; lost of these kernels xxmxhxﬁxﬂ large &ndsmall

ok o0 arims, LV o
areas with the Al phenotype ared pale a?eaé.,cﬁln the last column of this
! A
1\ m* 2
tubleAare entered the number of ke- nhlinexpr ssaae a markedly altoered

¥

pattern of varlegation, similiar in types to those Trat—piie—riaeuic—iire

!

altered states that have been considered in previous sectinns., It mav be
seen that the number of them is low,. However, other changed states,

less easy t° detect, were being produced, One of them wes detected
o phawr |
because it was present in e cell whose dcscendent cells gave rise to an
QMW TQML‘]—- s car- A

ear fat had been used in a cross with a nlant homozvgous forp al ahd shg.

L)
Y
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The pattern exrnrcssed by the vaeriegatoed kornels on the resulting ear was

m-1
1 *

of one type and it diff red from that given by the original state of a
This similarity in patt rn made it possible to know that an altered state
was present in the cells that gave rise to this ear. In the prcsence of
Spr, this altered state produces many small Al dots, located very close to

each other, and also some larger areas exhibiting the A. phenotwpe

1
(Photo, )e To the naked eye, some kernels having this pattern of
variegation may appecr to be uniformly pigmented, idowever, mipeoscopic
examination of them reveals the pattern of Al spots that is resvonsible
for this deception, The dots of Al are so0 close together that there
distinctiveness can not be seen except when viewed under magnification,
(In all studies of voriegation, kernel trypes on ears are excmined under
magnification in order that details of importance in them would not be
undetected,) In the absence of Spm, k:rnels in which this state of a m-1
is present have vrigment in them, but this is so light in intensity that
devection of it sometimes is difficult, the tvoes of kernels on the
ear of the original plant having this state 5996-K are given in C of

table 17, In plant 5996-l;, one Spm was present and it was carried in

one of its two chromosomes 6. (See footnote to table 17.)
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On the ears produced by crosses of plants that were a m-1 (original

1

state)f a, to plants that carried either state 5¥18 or 5719A-1/aq,

the original state of

many of the kernels that receive@/alm’l

s0r a mutent derived from it,
could be recognized, Likewise, those that received aq from the plant

M-l and the derived state of almPI from

having the original state of a
the other pcrent also could be recognized. This may be seen from the
photograph of kemnel tyres appearing on one such ear (photo, )e

However, kernels with a Rixkimmi¥Xy new phenot pe appeared on these ears,

They had the vottern of A7 dots given by the derived state of alm-l but

pale
these avpecared on a/pigmented background instead of a colorless backgro und,

This suggested that the plant carryving the original state of alm'l had
contributed a mutant of alm_l giving a reduced grade of pigment intensity
and that this mutant wes stabe in the presence of Spm, Tests of »lants
derived from such kernels indicated the correctness of this interpretation,
In other words, the original state of almFl was giving rise to mutants that
were stable in the 'resence of Spm,

Some of the pale mutants produced by the original state of alm-l

that are stable
/ in the presence of Spm very much resemble in their phenotvyovic expression

that given by some of the derived states in the absence of Spm, <*his is

strikingly illustrated by one tvne that resembles that produced by state
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S7T19A-1,In the absence of Spm, kernels having state 5719A-1 are deeply
pigmented whenever Pr is present in them, However, when the kermels are
hom zygous for the recessive allele, pr, the kernels are only lightly
pigmented, Some of the stable mutants derived from the original state
of alm’I give these same phenotypes with the alleles of Pr, ft would
apprar that the production of either a stable mutant or a new state by

. m-1 . . . .
the original stote of aq is associsted with the fate of the controlling

TN
element at the aj . locus, 1ts removal or total inactivation cculd
slight
give rise tc the stable mutants whereas a/shift in its location, without
inactivation, may be resuonsible for the origin of some of the altered
states, It is apparent, nevertheless, that the production of stable
m—

mutants by the original state of ay 1 is far more freguent Than ths
production of abviously altered states of the tvpes that have been
described In this report,

In the cross of alm’l(original state)f a, by a m-1 (state 5718 or

1

57194A-1)/ aj, the

g Spm number was known only
24 C’\i

in the plant carrying the derived state, The Spm number in plants hoving
A

the original dmte could not be determined rcadily from the tvres of kernels

&0 eeh

appearing on ears produced by testscrossss conducted with £, The
A

freguency of occurrence of germinal mutation was too nigh, Hevertheless,
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the
the types of kernels apvearing on the ears produced by/tlress of *lants

carrying the original state to »nlants carrying the derived states, whose
constitutions were given above, 1s instructive, and the tvpes of kernels
appesring on six ears produced by this tyre of cross will be given,
There was a total of 2175 kernels with the followi g phenotypes:

the
277 with/A; Exmxmz=Xwmy phenotyve, 71 that were uniformly pale colored and

Mme-1
F XX

had a derivative of the mxXxim :
some of these obviously nnxgxnixxmnxixxﬁzxixxﬁxﬁxnm the OW1g1nal stote of

me-7 and
aq introduced by the parent mmving it, ILighteen other kernels were
uniforrmly pale colored but supperimosed on this were dots or spots of Al

with a pattern given by the derived state of a m-1 used in the cross,

1
There were 1207 variegated kernels that fell into two distinct classes:
602 exhibited the pattern that is characteristically produced by the
original state of alm":L and in some of these, the presence of the derived
state was suspected, and 605 xaxizgxk=muxke that exhibited the dots or
charact-ristically produced by the derived state and
spots of A /1n what appeared to be a colorless background, In addition,
there were 602 colorless kernels, Tests of plants derived from kernels
exhibiting the variegated patt.rn of the derived state on a palg pigmented
background, and those derived from ones in which both the original state and

the derived state were suspectcd to be preset, confirmed the suspected

constitutions of the kernels from which esch was derived. From the former,



the presence of a stable mutant in one chromosome 3 and the derived state
either 5718 or 5719A4-1, as the cecse may be, in the other chromosome 3,
Plants derived from the latter tyre of kernel had the original state of
alm’l in one chromosome 3 and the derived gtate in the other,

Tests of alm'l behsvior thet have been discussed in detail in previous
sectlons of t.iis renort were all conducted during the e rly v riod of
study of almpl. From them was developed an interpretation of the primary
mode of operation of the system rosponsible for control of gene expression
at alm’l. The origin and behavior of diffe-ent states of alm'1 were
congldered, and the discovery of an independently locted element, Spm,
whose mode of action was outlined, was likewise treated. evertheless,
up to tiris time in the studw of almpl, no previse tests of this interpreta~
tion had been conduct:d,

The interpretation that hod been developed implied the following
conditions, Spm 1s am imodmpendemkkxxkaxxkedxakemamixx is the indenendently

m=-1

located element in the aq system, ancd it is subject to transposition

from one locotion to another in the chromosome comnlement, In its
presence, change occurs at the alm’l locus and th&s may lead to one of two

matn consequences. One of them results in a stable rmutant expressioqj

s

% ch musant °xrresses one rode of gene actlon, recognized by the degree snd
A A



93

N ”b' “‘Q\l}\
39‘%V
The second

and koynel,

LA
anthocvanin
and klnd of/nigment that i4—preduees in plont
agion thereafter one

s e:ch state expre

rhanlts in an altered state of ay
1eson%e to Svm, This is related to control bv the
LY

ar twpe of
e during development when subsecuent chance

particul

mn=l1 .
itself of the ti

altered al'
tvnes of mut nts that these latt r chanres will
The

will occur o it, the
induce, and tihe number of cells in which such events will occur,
number of Spm elements present in the nuclei of a plant or kernel docs not
particular -1 riost

ay . In the absence of Spm, =

alterthese qualities of a/state of
roduction of anthocyanin pigment in both

states of ., 4
zkakexaf a, functiong in the
of pigment
plant and kernel, and again, the twvpe/and level of its production #mmmmax
This function is supprecssed

rperxkkax 1s a quality of state of alm’l.
the
Removal of Spm from axzxxmxki®m nucleus
of &he staie of alm-l

in plant and kocrnel
when Spm is present in thenuclei,
potentially

wf a somatic cell will allow the/functional activity

that is present to be exvressed in its descendent cells,

The above statements incorpvorate the primery conditions imposed by the..
ner N

’ﬂ
lNere EBvidence was—regquited-in order ta Lest the general
- A .
Qrreriel X arte "
£ Y

ticn, Me:
RELASR AT 1l
' Therefore, such test were Copduct a
..‘ are ﬂ'l’,r-i e

. by T
et ! ]l t\ RS

validity of tnis interpret atwon.
s
There wore many sueswtests and they will be the

during the surmer of 19Kl, 1
subject of the sectlon of this revort that—fellows,

interpreta

1,['
‘h‘ «P‘Ll’

A
[
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Bebablishmentof—the &é&iﬂity of the interpretation of mode of
[ ‘ - |
operation of the Spm element Gl Ja‘ﬂw MA(‘LU){WI? % ol ;fa‘

The interpretation of mode of control by Spm of gene expression at

m-1 . . . . . . . .
a cutlinecd in previous sections, reguired precise verification, and
1 2 £ ) 5 s

tests devided for this purpose were conducted during the summer of 195},

The interpretation considers that no Spm is present in the uniformly

uaneofed

pale ce%a@eé kernels on ears derived from crosses enteved in tables 2 to

s lay,
8 and 10 to 15, but that it is present in all kernels exhibiting pigmented
A

areas in a colorlesg background. 1t also considers that each state of

siC Jo swun

-
1 wina respond to any isolate of Spm in -& manner, thed—dg chowrseterictic

ay

of—ftre—abate, In other words, it . will be the state -of- aimul—thﬂt~w111

IS L
govern the pabbern.of varlegation. wany-ene;Spm‘is—§¥esent. To

illustrate, 1f pppllen of a plant homozvgous for a1 and carrying 1 Spm

tQQ»GN’
is placed on the silksAof a number of plants, each derived from a pale

colored kernel and in each of which a diffesrent state of alm'1 is present,
;3$WA on the ear produced by each plant, half of the al -1 CQ*PYlng kernels should
ey s Ty “{ o iy tiptrelmg o, e cdaty dat L. ;mZYJ O ”i" SUURLEE (N Y partuie..
be pale colored and half should be vqriegated On each ear, e pattorn
;I.\ R
" wwk oy A ,

Feoriiocdi, ‘1?{ IR 4] i< | gud /f&f’ua le

of varlegatlon among “the varlggated ke“nels should ey9““s -that—wh&eh~is

ok ¢ou3¢ﬂ &; Sl
characierigtic of the stﬂte of alm‘l present 1n the ear bearing plant,

If the pollen parent shculd have 2 irimmermErk¥x ncn-linked Spm elements
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'/{:4/;,',:; e

then on each of the resulting ears there chould be a ratio of ong{pale

%Li;ﬂﬂ%
colored kernel to 3 variegated kernels armong bthe almrl CapEying ltooned-s
/t
\}«4 ¥ il lid TR erut wllid
and again, the ppttern exhibited byAtham»should be that Zsed by the

state of a M1

1 that is present.

Several tyves of test-cross were devised that made it possible

to learn whehter or not Spm wer: present in any one plant)and to demonstrate

L dyalu ad T o £ u’MJr ne1
with certainty the cenzae%~e£—phéhe$¢ne~by staterof aq Jbot‘n in the

Ry

o

presence andAabsence of Spm. These were conductsd during the summer of
1954, Th%plants to be tested were derived from selected kernels on ea:i's
i
produced by crozses made in previous growing seasocns, The types of
kernels selected, the number of plants derived from ezch type, and the
origin of the ezr from which aaah,selectiongwgg?made, i1s given in table
acli Y eed

18. All kernels deziwed from one ear were grown under one culture

number, that entered in the last column of this table, Lowever, the

P S
RN XARXELL tEw (s,

kernels of each class/imxkakimxif were sepapated»£r3k~onemanothe@,afﬁk
A

letdorot—the Tiptebet. If other genetic markers alwo were segrega ting
{\

. Q2L e, MR G Lt A Y T g DA

[l mexing one o

among the kernels on the ear, all vhese wkkkxkhmxxamm phenotype were
1

sown St ’)}l W)yyf,,({} WWC‘I
Rxewm separately from those w*%haanﬁihsr, each given the same culture
A
evldrow e B

number but appropriately distinguished by a lettsr of the alphebet following
the¢y ewdbsu~e number, A )
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The most critical types of test-cross were conducted with plants

beléagéééQ%e three different categories, The plants belonging to the

first of these were unif rmly pigmented. They were derived from pale

each?ﬂl&ﬂﬁ

/
colored kernels on fee self-pollirated ears of plants/haglieg one

T
m.1

particular state of aq * A Bach of the tester plants in this first

O - wheh
category was homozygous for e particular state of alm -1 thut wws present

Within this

enfppae

category, four different states were represented, and these are giwen in

in the pzrent plant. They were also homozygous for Sh2'

%ngﬁﬂm,u
part I of table 19, The culture number of eachAfrom,which their origin

A
A S I
Lo,

i
may be traced through table 18, as—well—as theér—constitutﬂans with

regard to genetic markers carried in chromosomes 5, 6,and 9,3?@ also

given in this table,
/‘H"" <

If the plants in part I of table 19 are used in crosses of the
A

following tyves, only pale colored, Sh2 kernels should aprerr on the
resulting ears:
(1)Crossed with plants of the standard al/a.1 tester stock,

(2) Self-pollinsted or sib-crossed

withy (el “’hbﬁ “izf/h Lo v wD

(3) Intercrossed with plants in the same c- tegory bringing together two
dirferent SuateSc£'Q Wl A

(l4) Crossed to rlants derived from the pale class of kernels in tsble 18.
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(5) Crossed to some of the plants derived from the colorless, sh2 dﬁa J
cultures entered in
kernels in/table 18,

M,w 3

If the’ plants in part I of table 19 are used 1n crosses of the
e bebpus,
following typ éh both pale colored, Sy kernels and variegeted, Sy

kernels should appear on the rssulting ears:

(1) Crossed to some of the plants derived from the colorless,gggejéukﬁé

kernels in cultures entered in table 18,

(2) Crossed to plants derived from the veriegated class of kernels in

are
cultures of tahle 18 in which the constitution of the plants Z§ alm 1 Shz/

al sh2 .

@?(Iﬁmm1cr©ss (1) immediately above, all the variegated kernels on the

a pattern tsed v Wit
resulting ear should exhibit/thaﬁﬁ&; expected to be produced by the state

of alm'l present in the tester vlant,. Aiﬁﬂﬁ(if one ecr of the al/al

plant received pollen from a tester plant homozygous for one state of

m-1
1 and another ear of the same plant received pollen from a tester

a.
m-1

plant that wes homozygous for another state of aq

s then among the

variegated
/ kernels on EREXRAXY each ear, a distinctive pattern efwamiesasien s ould
O ¢ f: Ufﬂ'\dﬁ(ﬂ_(‘-‘ b s y ot ““'(d&UQQ =
. Y
be expressed one pattore&on one ear and another pattern'on the other
A

Mgr\ e VA Ty,
/L %,’/ Jf‘ z{!‘ﬂf
ear, The pa ttern iw—eseh would ngﬁﬁﬁﬁZnt the lHleldUal response of ke
) .
state of almPljcontrlbuted by the tester stock te the presence of the

same Spm element.

1
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From type-cross (2) immediately above, two clasz of variegated

kernels whould appear on the resuvlting ear, One should exhibit the

variegated patt rn produced by one state of al superim:-osed onwer

m-1

that produced by the other, These would be the kernels receiving aq

flrom each parent, The second class should exhibit only the pattern that is

produced by the state of alm'-1 delivered to it by the tester plant, and

bk

these kernels would be those/receiviég aq from the plant being tested
O ot bty Bobo (Jead -
On the ears produced by the tvpe-crosses described above, it should

?

be possible to detcrmine the Spm numbor in that part of the paant that
prodﬁ?d the ear used in the cross. This could be deduced from the ratio
of pale to variegated kernels that appearson the ear, Also, if the
plant being tested were heterozygous for one or more of the genetic
markers in chromosomes 5, 6, and 9, given in table 19, then the location
of Spm with respect to these markers could be detcrmined, provéded that

W g mn gt doe the | (AU ol L

-3 the.tester\plant; , these ﬁarkers,wefe~heaeﬁ¥g&ue
A

reeeaaiye,
oA 4 - :
oW 200 o W LR MRIIG
Tre—deseribed test_crosses wereAcnﬁﬁuc#ed—wéthmhcstsr nlants in—bke

et culun

se- entered in part I of table 19, From the

dﬁﬁé‘”%;'sﬁtl_ v

kernel types on the rosulting ears it was ~ossible to dedeet ned-Qady the

presence or absence of Spm in many plants, wBese phenobtynes were known,

. o Loty ; e . /e oite Mol
QT Covnelaty &a/xfc\/‘ el Wp&%w)%w qtly plad) it v, ey Ml
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Guww  presdl B dateumwe |
bwé also, when-present, The number of Spm elements dheli were present in
A

any one tested part of a plant, In many plants it—was—salsc—possible—b0

depermie the location of Spm with reference to the three given genetic
Sy b Y opusf
markers, Pr in chromosome 5, Y in chromcsome 6 and Wx in chromosome 9,

“1
D the different m-1
These tests also servaed.be confirm the individuality of/stateo of al
WAL mwdgm
in tné control of pattern of variegation in the presence of Spm)andAtype of
o a7 abae Y 8l ne 'y

gene expression givef in its absence, Before evidence\o#:thia:is
A -

presented, the usefulness of tester plents in each of the two remalning

categorics will be described,

For some types of tost, it would have been desirable to use plants

that Were homozvgous for both a m=1 and sh At the time, no plants of
1 o ’ P

this constitution had been constructed. Therefore, kernels that were

alm’l sh2/ aq sh2 appraring on ears produced by the crosses entered in tables

5 and 8 were selectcd and plants grown from them., All of them had the
m-1
Xkzkw 5719A-1 state of 2y + Four plants were derived from pale colorad,

sh2 ke”nels and 6 plants were derived from variegated, sh2 kernels, The

ears from which each of these were selected is 11dlcated in table 18,

FRATR Y ;;,‘,/3")

i tff‘xVFtﬁfi"; o Aty TIT s B ey of i'rﬂ

The pghae;gpes of these plants with respect to Spm and/the allelcs of Pr,
AT Wl /A

Y, and Wx are entered in parts II and III of table 19,



100

The plants in Part II of table 19 were all uniformly pigmented.

of ears e¥
When pollen from any one of them was placed on gilks/of plants in the

P

standard al tester stocks, one-half of the kernels on the r:sulting ears

A
were uniformly pale colored, shz)and the other half were colorless, sh2.

When the same vollen was placed on silks of ears produced by thiants

Vot
derived from the pale,Sh, class of kernels wewek had the constitution

Qo Yolee)

alm’l Sh2 / a; shyy the ratio of kernel tyvres on the resulting ears were

as follows: 2 pale colored,Sh, : 1 pale colored, sh, : 1l colorless, sh2.

However, when th¥ pollen was vlaced on sllks of ears of sister plants)

C_’,\é o QS M f,a' 4 rf(& \
derived from the varlegated kornels, pale and variegated keoinels appeared
A A me=1
a carrying
on the resulting ear, not only in the Sh2 class but also in the/sh2 class.

m-1
This indicated that the variegated nlant carried a=m Spm to which the al
m=-1 ' ;
' alji Lok bl el b Tt _
in the/s o chromosone dexswed from the tester skeek could respond, 1t
was important to compare the ratio of pale to variegated in the Sh2 class
8
. . ; m~1 s . ;
with that in the 8¢ cerpving sh2 class in order to learn whether or not
! Ol 108p Lo Mg 54‘{:1“;:‘}‘-1 T ) A“/ﬁ{!!}/’?},{iz{ «flép L7y ,/:r/
m-1
Spm was located in the ssms chroroscrie 3 that had aq and Sh,. If so,
FaN A

the ratio of variegated to pale kernels in the Sh2 class weould be greater
$han in the sh, class, Tests conducted during the summer of 1954 did not
reveal a case of this’but similiar types of test connducted in later years

did reveal the presence of am Spm element in chrouosome 3 in some plants,



